Abstract-Digital biofeedback technologies are used in physical rehabilitation to improve motor learning and enhance engagement with therapies, but they are unfrequently used in breast cancer rehabilitation. Digital biofeedback interventions should be custom-made for the specific breast cancer context. The WHO ICF Core Set for Breast Cancer describes this context by itemising the biopsychosocial and environmental factors associated with breast cancer. We analysed this Core Set to identify opportunities for biofeedback intervention, and to make recommendations for successful, inclusive design of digital biofeedback interventions in breast cancer rehabilitation. Impairments of strength, joint movement and upper limb function present opportunities for the development of digital biofeedback interventions. Factors related to sensory loss, lymphoedema, chemotherapy-related cognitive dysfunction and fatigue should be considered when designing and evaluating biofeedback systems.
INTRODUCTION
Rehabilitation technology and digital interventions with sensor-enabled biofeedback are increasingly used as adjuncts to physiotherapy treatment as they can improve motor learning, enhance engagement with therapy and facilitate data-driven models of care [1, 2] . Biofeedback in rehabilitation is the process of providing patients with additional information regarding a specific body function, allowing them to then self-regulate this function [3, 4] . An external sensor collects biological information, which is then relayed back to the user. To ensure the biofeedback intervention suits a particular user or task, several features should be considered. For example, biofeedback can be of a visual, audio, haptic or multi-modal format. Additionally, information can be represented either directly, for example the visualisation of heart rate as beats per minute, or in an abstract manner, such as through a gamified interface or sonification of movement [1, 5] .
Digital biofeedback interventions [DBI] are widely used by physiotherapists in physical rehabilitation, and are wellestablished in the fields of gait re-education, balance training, musculoskeletal rehabilitation and stroke rehabilitation [6] [7] [8] . In breast cancer care, biofeedback is commonly used in radiation therapy [9, 10] , and has been applied as a psychological intervention [11] , but only a few studies have investigated using it in physical rehabilitation [12, 13] . Physical rehabilitation, including physiotherapy treatment, is acknowledged as a key component of care during treatment for breast cancer [14, 15] , addressing impairments such as joint pain or stiffness, lymphoedema, and local or global muscle weakness. These impairments occur in other medical conditions, such as CVA and osteoarthritis, where they can be treated with alreadyexisting biofeedback interventions. However, the personal, medical, social and environmental contexts surrounding these impairments can be vastly different in breast cancer, requiring custom-made biofeedback interventions for this condition. To inform the development of such interventions, thorough recommendations which consider the full biopsychosocial and environmental contexts of individuals with breast cancer are needed.
The World Health Organization's [WHO] International Classification of Functioning, Disability and Health [ICF] is a globally accepted framework for understanding and describing functioning and disability for clinical, research, public health and policy uses [16, 17] . The structure of the ICF [ figure 1 ], with its four components each consisting of many pre-defined categories, covers the full biopsychosocial spectrum of health and allows it to act as a common international language for describing the impact of a health condition.
Using this framework, Brach et al. [18] developed a list of essential categories that are relevant for breast cancer. This list, called the ICF Core Set for Breast Cancer, was then validated from the perspective of physiotherapists by Glaessal et al. [19] and from the perspective of women with breast cancer by Cooney et al. [20] . These studies recommended the inclusion of several additional categories to the ICF Core Set, resulting in a fully comprehensive set of factors to consult when designing a biofeedback intervention for use in breast cancer rehabilitation. Notably, these factors will not be present in all patients, and their presence will vary greatly between individuals with breast cancer. This paper firstly aims to analyse the ICF Core Set for Breast Cancer [comprising both the original Core Set and the recommendations from Glaessel et al. and Cooney et al.] to identify the opportunities for biofeedback-based interventions. We will then make recommendations for the design of biofeedback interventions in breast cancer rehabilitation using the ICF component headings i. Body Function and Body Structure, ii. Activity and Participation, iii. Environmental Factors. 
II. CATEGORIES AND RELATED IMPAIRMENTS APPROPRIATE FOR BIOFEEDBACK INTERVENTIONS
The complex presentation of physical symptoms in breast cancer requires a management plan that reflects this complexity. This often requires multi-disciplinary or multimodal treatment plans, of which a biofeedback intervention is just one component. The ICF categories, and their related impairments or limitations, which could be treated with a DBI as part of a holistic management plan are summarised in table 1. DBIs are effective in the treatment of many of these impairments in different health conditions [21] [22] [23] [24] . To develop DBIs specific to breast cancer rehabilitation, the latest evidence-based methods of muscle strengthening, cardiovascular training, mobility training, lymphoedema management, functional rehabilitation, patient education and self-management practices should be combined with appropriate technological systems, while following the recommendations in sections III, IV, and V of this paper.
III. RECOMMENDATIONS: BODY FUNCTION AND BODY STRUCTURE

A. A. Mental Functions
Patients with chemotherapy-related cognitive dysfunction can find tasks which require attention and working memory challenging [25] . Biofeedback can provide patients with the information they may have difficulty recalling, by prompting exercise technique, or providing reminders to do exercises. Rehabilitation is an emotionally demanding process, and DBIs should consider the patient's energy levels and emotional state. Technology can facilitate users to reach their rehabilitation goals, without creating undue pressure, frustration or other negative emotional states. This can be achieved through clear and intuitive systems, combined with goal-setting features which can be adjusted by the user to meet their changing needs. Systems should avoid complex or abstract 3D visualisation and negative messages.
Individuals with breast cancer may have experienced physical changes due to cancer treatment and have concerns about body image [26] . Exercise biofeedback systems often use an avatar to represent the user and simulates their motions during exercise [26, 27] . A choice of avatars which have been designed with and approved by users will provide a more representative user experience 
B. Sensory Functions
Impairments of touch, hearing and seeing functions can occur during treatment for breast cancer [20, 29] . Accessibly designed biofeedback can compensate for sensory loss, allowing all users to benefit equally from the technology [27, 28] . Sensory modes should be easily interchangeable, so that a user with visual impairment may receive audio feedback, and vice-versa. Where visual feedback is required, this communication can be reinforced using conventional metaphors such as applying a green or red colour to indicate when is goal is, or is not, achieved. Use of dimensions of sound (e.g. volume, pitch, tone) and vision (e.g. contrast sensitivity, visual acuity, colour perception) should be explored so information is relayed with maximum clarity.
Chemotherapy-induced peripheral neuropathy is a commonly occurring long-term side effect of breast cancer treatment, characteristic by numbness, pins and needles and pain in the hands and feet [29] . Manual data entry and other tasks which require fully intact peripheral somatosensory systems should be avoided. Post-operative pain may limit a patient's ability to complete rehabilitation exercises and to interact with the DBI [30] . Inclusion of a pain assessment tool in the system can enable the feedback to be adapted appropriately to the patient's pain level. Provocation of pain can be avoided by using external sensors which are lightweight, non-invasive and suitably located on the body. Garments imbedded with miniature movement sensors have been used in ergonomic biofeedback systems for stroke rehabilitation [31] , and further studies have utilised the Microsoft Kinect, which contains an RGB camera and depth sensor, thus removing the need for any wearable hardware [32] .
C. Neuromusculoskeletal and Movement Functions
Individuals with breast cancer experience impairments in mobility of joints, muscle power and muscle endurance, especially in the immediate post-operative period [31] . Neuromusculoskeletal functions typically improve postoperatively, but this improvement is not always linear, and patients' abilities fluctuate due to factors such as pain and fatigue [32] . DBIs for breast cancer rehabilitation need to provide personalised feedback, which will be responsive to changes in neuromusculoskeletal abilities. A system which, for example, detects a loss of range of movement and reports this to a patient without considering other contextual factors may cause distress or encourage the patient to push beyond acceptable boundaries. Equally, it may result in abandonment of the system, and possibly the rehabilitation programme, due to loss of trust from the patient. Therefore, it is imperative that these systems meet national regulations for medical devices and that they employ accurate data analytics [32, 33] . Crucially, it is recommended that biofeedback systems are prescribed by healthcare professionals and operate as adjuncts to holistic professional treatment.
D. Immunological and Respiratory Functions
Lymphoedema is prevalent in 5 -55% of individuals with breast cancer, depending on treatments received [33] , and can lead to pain, weakness and numbness in the upper limb, a reduction in upper limb function and a deterioration in quality of life [34] . As mentioned in section iic, DBIs should be responsive to changes in health status and should be used alongside a qualified healthcare professional who can monitor lymphoedema and provide advice as needed. Somatosensory loss and body image concerns which may accompany lymphoedema are discussed in sections iib and iia respectively.
Adjuvant treatments for breast cancer can negatively impact cardio-pulmonary function, causing reduced exercise tolerance [35] . Individuals with breast cancer are recommended to partake in regular exercise to improve the negative physical and psychological sequelae of breast cancer treatment, and biofeedback systems can enhance this by monitoring activity levels, providing positive feedback and promoting goal attainment [36] . The systems should use discreet physiological sensors to monitor heart rate and respiratory rate [22] over time and provide suitable feedback if they exceed, or do not meet, recommended levels. Using the DBI to collect information on rate of perceived exertion during exercise and post-exercise energy levels will provide the patient and healthcare professional with a data set from which to make recommendations for future exercise sessions.
IV. RECOMMENDATIONS: ACTIVITY AND PARTICIPATION
The categories within the 'Activity and Participation' component concern how impairments can lead to limitations in activity and restrictions in participating in all areas of life. Activities involving coordinated, purposeful actions with the arm and hand can be limited. Therefore, external sensors and interface devices must be lightweight and easy to manipulate so as not to further impair a person's ability to participate in exercises. To facilitate activity of rehabilitation in daily life, some users may benefit from biofeedback technology which can sync with their smart phone calendar to deliver scheduled reminders to perform their exercise programme.
Rehabilitation is more meaningful and effective when related to a patient's activity-and participation-related goals. Research using wearable sensors to analyse upper limb movement during activities of daily living in both healthy populations and in neurological conditions has strong potential to be applied to creating BDIs in breast cancer [37] [38] [39] . Sport-specific biofeedback has been developed for golf, basketball and rowing [40] [41] [42] , and this approach can be incorporated into a rehabilitation programme for individuals with breast cancer aiming to return to sports.
V. RECOMMENDATIONS: ENVIRONMENTAL FACTORS
To minimise disruption and optimise adherence, biofeedback systems should fit into user's physical environments in a natural, unobtrusive manner. An example of this is the use of inertial measurement units in mobile phones for activity recognition [43] . However, while the portability and ubiquity of smart phones is an advantage, allowing for enhanced data collection, their screen size is small and users with visual impairments may benefit from a web application which they can access on a large PC monitor. Healthcare professionals or systems can increase communication with patients by viewing progress, providing feedback, and conducting telerehabilitation sessions remotely through the DBI. This can improve accessibility in instances of geographical, financial or temporal barriers.
VI. CONCLUSION
DBIs can be used to enhance physical rehabilitation but have not been yet been widely applied in breast cancer rehabilitation. Biofeedback technologies should be designed specifically for use in the complex biopsychosocial context of breast cancer, as described by the WHO ICF Core Set for Breast Cancer. Impairments in body functions, limitations in activities and participation restrictions can be opportunities for the use of biofeedback, and/or factors to consider when designing DBIs. These recommendations aim to improve usability, enhance engagement with the technology, foster accessibility and ultimately optimise rehabilitation outcomes.
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